It is commonly well-known that biofilms are the predominant mode of bacterial growth, reflected in the clinic observations, where approximately 80% of all bacterial infections are related to biofilms. Bacteria in biofilms are well protected against environmental stresses, antibiotics, disinfectants and the host's immune system and are usually extremely difficult to eradicate. Due to common problems caused by biofilms, alternative anti-biofilm strategies must be developed. Enterococcus strains are able to form complex surface-associated communities (biofilms), which contribute to its resistance and persistence in both host and non-host environments, and are especially important in food processing and clinical environments. Enterococcus biofilms showed increased antimicrobial resistance to the most of antibiotics as compared to the planktonic bacteria, which make them difficult to combat. There is an increasing evidence that biofilms are often associated with infectious diseases. Novel anti-biofilm strategies must be designed to include natural bio products instead of common antibiotics. Mushrooms are a nutritionally functional foods and a source of pharmaceuticals having functions such as antitumor, immunomodulating, antioxidant, cardiovascular, antihypercholesterolemia, antiviral, antibacterial, anti-parasitic, antifungal, detoxification, hepatoprotective, and antidiabetic. In addition, they have a notable activity against biofilms. In this study, the antimicrobial and anti-biofilm activities of some medicinal and edible mushrooms, namely Morchella angusticeps Peck, Ganoderma lucidum (Curtis) P. Karst., Cerioporus squamosus (Huds.) Quél., Trametes versicolor (L.) Lloyd and Lentinula edodes (Berk.) Singer were screened against multi drug resistant Enterococcus strains. As a result, it was observed that these mushrooms have notable potency to develop alternative medicines to struggle infectious diseases and biofilms.
Introduction
The use of natural products to overcome antimicrobial resistance can be considered as an alternative approach (Altuner and Akata, 2010; Ogidi, 2015; Sevindik et al., 2018) . In addition to their antimicrobial activities, some natural extracts are known to inhibit biofilm formation (Kim et al., 2008) .
As a result of many scientific researchers conducted up to now, it has been determined that some macrofungi species have various chemical components showing antibacterial, antifungal, antiviral, antioxidant, anticancer, immunostimulant and antiprotozoal properties (Bentley, 1997; Altuner and Akata, 2010; Balde et al., 2010; Altuner et al., 2012a,b; Evidente et al., 2014; Canli et al., 2016; Hameed et al., 2017; Ogbole et al., 2018; Sevindik, 2018; Sevindik, 2019) . Macrofungi produce these chemical components for several purposes, such as to be used against the competitive species or to be able to survive in the environment in which they are distributed (Losada et al., 2009) . Considering the fact that macrofungi have a wide range of biological activities, it is necessary to focus on isolation and standardization studies of active compounds, which can be an alternative to synthetic drugs (De Silva, 2013) . Antibiotic therapies can reverse the symptoms of planktonic cells released from biofilms, but in most cases are ineffective in destroying biofilms (Roy et al., 2018) . Despite repeated antibiotic therapy, it may be necessary to remove the biofilm from the body by surgical intervention (Blanchette and Wenke, 2018) . In addition to a resistance against antibiotics, antibiotic therapies that are administered below the appropriate concentration may also contribute to the formation of biofilms. This phenomenon complicates the treatment of biofilm-related infections and may adversely affect the course of the disease due to incorrect dosing strategies (Lebeaux et al., 2014) . In some cases, the insufficiency of widespread antimicrobial therapies against biofilms lead scientists to the discovery and identification of new antimicrobial agents (Buommino et al., 2014) . Some macrofungi, which have antimicrobial activities also have a high potential for research in antibiofilm studies to develop specific approaches to combat biofilms (de Carvalho et al., 2015) .
In this study, the antimicrobial and anti-biofilm activities of some medicinal and edible mushrooms, namely M. angusticeps, G. lucidum, C. squamosus, T. versicolor and L. edodes were screened against multi drug resistant Enterococcus strains.
Materials and Methods

Macrofungi Samples and Extraction
Five medicinal and edible macrofungi samples M. angusticeps, G. lucidum, C. squamosus, T. versicolor and L. edodes from Fungarium of Ankara University, which were previously collected, identified and food dehydrator dried by Dr. Ilgaz AKATA, were used in the study. In extraction of bioactive compounds, a method which was previously defined by Altuner et al (2014) , was used with some modifications. 20 g of ground macrofungi samples were shaken in 200 mL 60% methanol at 30℃ and 150 rpm/min for 24 hours. After extraction process, extracts were filtered, lyophilized and the remnants were dissolved in DMSO and/or distilled water to prepare extract stocks of 200 mg/mL. All extract stocks were sterilised by membrane filtration and stored at -20℃ until use.
Enterococcus Samples
Four Enterococcus samples, E. faecalis (vaginal culture isolate) (EfVCI), E. faecium (urinary catheter isolate) (EfUCI), E. faecalis NJ-3 (ATCC 51299) (EfNJ3) and E. faecium NJ-1 (EfNJ1) were used from bacterial culture collection of Ankara University, Department of Biology, Microbiology Research Laboratory.
Inocula
Before preparing the inocula, which will be used in the study, all strains were incubated at 37°C for 24 hours. Morphologically similar colonies were collected from Mueller Hinton Agar (MHA) by a sterile loop and the turbidity of the inocula were adjusted to 0.5 McFarland in sterile saline solution (0.85% NaCl) (Altuner and Canli, 2012) .
Antibiotic Susceptibility Tests Disk Diffusion Test
In order to determine the antibiotic susceptibility profile of the Enterococcus strains, disk diffusion method, which was previously defined by Clinical and Laboratory Standards Institute (CLSI) (2016) was used. Eleven standard antibiotic disks (Oxoid, UK), namely Kanamycin (K) 30 µg, Neomycin (N) 10 µg, Spectinomycin (SPE) 10 µg, Streptomycin (STR) 10 µg, Ampicillin (AMP) 10 µg, Nalidixic Acid (NA) 30 µg, Tetracycline (TE) 30 µg, Penicillin G (P) 10 U, Rifampicin (RD) 5 µg, Vancomycin (VA) 30 µg and Chloramphenicol (CM) 30 µg were used in antibiotic susceptibility profile test.
The MHA plates were inoculated by each inoculum, the antibiotic disks were placed on the surface of the plate in aseptic conditions and incubated at 37°C for 24 hours. The inhibition zones were evaluated as susceptible (S), intermediate (I) and resistant (R) according to NCCLS (Altay 1996; Handwerger et al., 1990; NCCLS 2001a; NCCLS 2001b; Tenover et al., 1993) .
Minimum Inhibition Concentration (MIC) Test
The antibiotics, which was used in minimum inhibition concentration (MIC) test were selected according to the results of disk diffusion test, where antibiotics only presenting resistance in disk diffusion test were selected for MIC test. 100 µL of Mueller Hinton Broth (MHB) medium was pipetted in the wells of a 96 well plate and 100 µL from antibiotic stock was transferred and a 2 fold dilutions were prepared by using the first well in order to prepare a concentration range between 512 µg/mL and 1 µg/mL. 10 µL of inocula those were prepared according to the procedure mentioned previously was transferred into all wells. The plates were incubated at 37°C for 24 hours and the MIC values were identified as the minimum concentration of antibiotics inhibiting the bacterial growth. All tests were conducted in triplicates (Altuner, 2008) .
All wells were analysed by a plate reader at 640 nm and the inhibition percentages were calculated by using the formula below.
Where t0 is absorbance of the test wells before incubation, C0 is absorbance of the negative control wells before incubation, t24 is absorbance of the test wells at the end of the incubation period and C24 is absorbance of the negative control wells at the end of the incubation period.
Evaluating Antimicrobial Activity of Macrofungi Extracts by Agar Well Diffusion Test
In order to use in agar well diffusion test 10 mg/mL and 50 mg/mL macrofungi extracts were prepared from 200 mg/mL stock. After inoculation, a hole with a diameter of 9 mm was punched aseptically with a sterile cork borer and 100 µL of extract was transferred into the wells. The plates were incubated at 37°C for 24 hours and the inhibition zones around the wells were recorded in mm (Silici ve Koc, 2006) .
Minimum Bactericidal Concentration (MBC) Test
Minimum bactericidal concentration (MBC) test was conducted for antibiotics presenting resistance and macrofugi extracts presenting antimicrobial activity. 100 µL of suspension from all wells starting from the MIC values to the highest concentration were transferred into Eppendorf tubes and a serial dilutions (10 fold) were made by using sterile saline solution. 10 µL from each Eppendorf tube was inoculated on a MHA and colonies were counted after 24 hours of incubation. A control was also observed by using wells, which didn't contain antibiotics and/or macrofungi extracts. The concentration, which causes at least a 99.9% (≥3-log) reduction in bacterial load was defined as MBC value (Daly et al., 2017) . The log reduction percentage was calculated according to the following formula.
Log reduction % = [(1-10 LR ) × 100] LR = Log C -Log T Where LR is log reduction, T is the number of colonies (cfu/mL) for the wells treated with an active substance and containing bacteria and C is the number of colonies (cfu/mL) for the wells only containing bacteria.
The MBC values calculated for both antibiotics and macrofungi extracts were later used in macrofungi extract/antibiotics combination studies to understand the potential interactions such as synergistic, antagonistic and additive.
Determination of Biofilm Production of Enterococcus Isolates and Reference Strains Determination of Biofilm Production on Polystyrene Surfaces
Firstly, a range of glucose concentration (0.0, 0.25, 0.50, 1.0 and 1.25 %) was tested in order to determine the optimum glucose concentration, which is an important nutritional component that promotes biofilm production, by the method given below. Right after determining the optimum glucose concentration, the same method was used by adding the specified concentration of glucose into culture medium for determining the anti-biofilm activities (Baldassari et al., 2001; Extremina et al., 2011) .
In order to determine the biofilm production capacity crystal violet binding assay was used (O'Toole, 2011) . In this assay, Enterococcus strains were incubated in Tryptic Soy Broth (TSB) for 18 hours and by using these cultures, suspensions having 0.2 optical density (OD) at 595 nm were prepared. 30 µL of these suspensions were transferred into wells of microtiter plates as 8 replicates. The well containing only TSB medium was used as a negative control. The plates were incubated at 35°C for 24 and 48 hours. At the end of the incubation the wells were washed twice by sterile distilled water (sdH2O) and left to dry at room temperature. After drying process, 130 µL of 1% crystal violet solution was pipetted into each well and incubated at room temperature for 30 minutes. After incubation the wells were again washed twice by sdH2O and left to dry at room temperature. 130 µL of ethanol:acetone (70:30) solution was transferred into each well and incubated at room temperature for 30 minutes to dissolve crystal violet, which stained the biofilm layer. At the end of the incubation period the absorptions of crystal violet collected from each well was determined at 595 nm by Elisa Plate Reader (Bio-Rad, USA). Results were recorded as the mean values of 8 replicates (Vestby et al., 2009) .
Determination of Biofilm Production on Stainless Steel Surfaces
In this method, AISI 304 (#4) stainless steel coupons (2.5 cm × 0.8 cm) were used to determine biofilm production capacities of Enterococcus strains. Bacterial suspensions were prepared as mentioned before (Vestby et al., 2009 ). The optimum glucose concentration was determined as mentioned previously and used in observing the anti-biofilm activities (Baldassari et al., 2001; Extremina et al., 2011) .
In order to determine the biofilm production capacity on stainless steel coupons, 1mL of bacterial suspension was transferred into test tubes containing optimum glucose concentration, TSB medium and a sterile stainless steel coupon. This procedure is conducted in two replicates. The test tubes were incubated at 35°C for 24 and 48 hours. At the end of the incubation, the tubes were aspirated and the coupons were washed with sterile saline solution (0.85% NaCl) to remove the bacterial cells in the planktonic form. After washing, the coupons were allowed to dry in the biosafety cabinet for 30 minutes. The dried coupons were transferred to tubes containing 4.5 mL sterile saline and 10 glass beads (r: 3 mm) and the tubes were vortexed for 1 minute. Finally, a series of dilutions were prepared from the suspensions in the tubes and colonies were counted by drop plate inoculation to TSB agar (Giaouris et al., 2005) . The colony count results were calculated at logarithmic level and the cfu in the unit area (Unit area = cm 2 , total surface area = 4 cm 2 ) was calculated.
Evaluation of the Anti-biofilm Activity of the Macrofungi Extracts
Anti-biofilm activities of the macrofungi extracts were observed according to the methods given above. The biofilm production was determined according to the formula given below.
Where C is the absorption of the wells containing only bacteria, B is the absorption of the wells containing only culture medium and T is the absorption of the wells containing both bacteria and macrofungi extracts. Thus, the possible anti-biofilm activities of macrofungi extracts on biofilm production, compared to the positive control group (absorbance value from wells containing only bacteria) were calculated as percentages.
Determination of Biofilm Eradication Concentrations (MBEC) of Macrofungi Extracts
In this method, stainless steel surface method and ideal biofilm production parameters were used to determine the biofilm production of Enterococcus strains. After conducting biofilm production on stainless stain coupons, they were taken from the tubes under aseptic conditions and washed to remove the cells in the planktonic phase. The washed coupons were transferred to tubes containing TSB adjusted with different concentrations (1×MBC, 2×MBC, 3×MBC, 4×MBC, 5×MBC, etc.) of macrofungi extracts. Positive control coupons (coupons not treated with macrofungus extracts) were transferred to tubes containing TSB without macrofungi extracts. The tubes were re-incubated at 35°C for 24 hours. At the end of incubation, the previously described method for counting biofilm cells was repeated and the reductions compared to positive control group (test tubes without macrofungus extract) were determined by logarithmic percentage reduction. The values in which the 99.9% reduction was observed were considered as MBEC values. The log reduction percentage was calculated according to the following formula given previously.
Evaluation of Antimicrobial Activities of Macrofungus Extract/Antibiotic Combinations
The possible effects of active substance combinations were evaluated based on the Chou-Talalay method, which is based on "median effect" equation derived from "mass action" principle (Chou, 2010) . With this approach, the combination indices (CI) obtained according to the Chou-Talalay theory allow for the quantification of possible 'additive', 'synergistic' and 'antagonistic' interactions between two or more active drug combinations (CI = 1, additive effect; CI < 1, synergism, CI> 1, antagonism). Different combination ratios were prepared in double combination trials (macrofungus extract/antibiotic) by using stock solutions adjusted to the values above and below the EC50 concentrations, and the Compusyn software developed for this type of analysis was used to put forward the possible interactions. At least six different combinations of stock solutions were prepared and transferred to 96 well plate wells with three replicates. In order to observe the changes, in addition to the combinations, the extracts and antibiotics were used separately. Inoculum of each microorganism was used as positive control, where the culture medium was used as negative control.
Inoculation was carried out as stated previously and at the end of incubation (24 hours at 35°C), a series of dilutions were prepared from each well. 10 µL of these dilutions were transferred on TSB agar plates and colonies were counted after drop plate inoculation. The possible reductions were determined by comparing positive control groups. The dose effects of these values were calculated by means of another software (XLSTAT, Addinsoft, version 2017). After calculating the dose effects, isobologram models were determined by Compusyn software.
Results and Discussion
Antibiotic Susceptibility Tests Disk Diffusion Test
Disk diffusion test results of isolate and reference Enterococcus strains are given in Table 1 .
Disk diffusion test results were evaluated in three different groups, namely susceptible (S), intermediate (I) and resistant (R). According to the results, it was observed that all bacteria are susceptible only against spectinomycin, which is an aminoglycoside derivative. Since all bacteria presented several inhibition zones, which were intermediate (I) and resistant (R) for rest of the antibiotics, these Enterococcus strains can be accepted to present multi-drug resistance.
Minimum Inhibition Concentration (MIC) Test
Minimum inhibition concentration test was conducted for antibiotics, which were observed to be resistant in disk diffusion test (Table 1) . MIC results are given in Table 2 .
Enterococci can be isolated from clinical environments as nosocomial pathogens requiring antibiotic therapy (Handwerger et al., 1992; Laverly et al., 1997) . Combined treatment with β-lactam (ampicillin) or glycopeptide (kanamycin, streptomycin, neomycin) with an aminoglycoside is necessary for the treatment of severe Enterococcal infections, such as endocarditis and bacteremia, rather than urinary tract infections, which are often caused by them. However, since the rate of resistance to these antibiotics is very high, there may be serious therapeutic problems in the use of such combinations. Since Enterococci present intrinsic resistance against many antibiotics, such as penicillin and cephalosporins, treatment protocols are constantly changing (Hollenbeck and Rice, 2012) .
When the resistance patterns of the nosocomial infectious pathogens especially against the first and second generation antibiotics, and the increased virulence of this resistance are taken into account, it seems logical that the clinical use preference should lead to the development of new approaches that require the combined application of natural bioactive components with common antibiotics (Kali, 2015) .
The high resistance profiles of clinical Enterococcus isolates against aminoglycoside-derived antibiotics, which were used in our study, allowed us to use them in combination with the macrofungi extracts presenting antimicrobial activity.
Evaluation of Antimicrobial Activity of Macrofungi Extracts
Agar Well Diffusion Test The activities of all macrofungi extracts, except the activity of C. squamosus on all strains and T. versicolor on E. faecium (urinary catheter isolate) showed an increase in the antimicrobial activity as the concentration increased ( Figure 1 ). Figure 1 also shows that in total, L. edodes presented the highest activity among others, except 10 mg/mL extract on EfNJ3.
Minimum Inhibition Concentration (MIC) Values for the Macrofungi Extracts
Since all extracts showed antimicrobial activity in agar well diffusion test (Table 3 and Table 4 ), MIC tests were performed for all extracts, which are given in Table 5 . The tested concentration range for macrofungi extracts were 200, 100, 50, 25, 12.5, 6.25 mg/mL. MIC values were determined at the end of 24 hours of incubation, by a spectrophotometric analysis, in which microbial growth was completely terminated (Bala et al., 2011) .
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Calculation of MBC Values
The MBC values were determined for both antibiotics causing resistance and macrofungi extracts presenting activity. Following the observations in MIC test and spectrophotometric analysis, a series of dilutions were prepared from the wells determined as the MIC values and higher concentrations, and from the positive control wells (without macrofungus extract) by taking 100 µL suspension. After inoculating Tryptic Soy Agar (TSA) medium by drop plate method from prepared dilutions, the plates were incubated as mentioned previously.
The MBC values calculated for both antibiotics and macrofungi extracts, given in Table 6 , were used in subsequent studies to detect potential synergistic, antagonistic and additive interactions in macrofungus extract/antibiotic combinations. 
Determination of Biofilm Production for Enterococcus Strains Biofilm Production on Polystyrene Surfaces
The biofilm production conditions of Enterococcus strains were optimized in order to be able to carry out the following studies, in which macrofungi extracts will be evaluated for their anti-biofilm and biofilm eradication activities on Enterococcus biofilms. In this context, biofilm production was monitored at different glucose concentrations (0.0, 0.25, 0.50, 1.0 and 1.25%) and incubation times (24 and 48 hours) at incubation temperature (35°C) where the members of this genus could present maximum biofilm production. A significant increase in biofilm production was observed for all strains in incubation for 48 hours (Tukey test, P<0.05) and it was determined that all strains needed different concentrations of glucose for an ideal biofilm production. The ideal glucose concentrations for an ideal biofilm production for EfVCI, EfUCI, EfNJ3 and EfNJ1 were observed as 1.25%, 0.50%, 1.25% and 0.50% respectively (Dunnett test, P<0.05; control group = glucose-free medium) ( Figure 2) .
The ideal biofilm production conditions for each strain were used for all tests.
Biofilm Production on Stainless Steel Surfaces
The ideal biofilm production conditions of Enterococcus strains on stainless steel surfaces were observed to be very similar to those on the polystyrene surfaces (Dunnett test; P<0.05) (Figure 3) . These conditions were used in the preparation of biofilm samples of these bacteria in subsequent studies and to determine biofilm eradication concentrations (MBEC). 
Evaluation of the Anti-biofilm Activity of the Macrofungi Extracts
In this test a series of concentrations, namely 6.25, 12.5, 25, 50, 100 and 200 mg/mL were used in order to evaluate the anti-biofilm of the macrofungi extracts. After the spectrophotometric analysis of the plates by an ELISA reader, the percentage reduction in the biofilm production was calculated from the optical density values obtained in each well and comparing them with control wells (containing no macrofungus extract). The results are given in Figure 4 .
When the anti-biofilm activities of macrofungi extracts are taken into consideration, it was observed that the results obtained are in parallel with the results obtained from antimicrobial activity screening, which were given in Table 4 . However, another remarkable finding within this study is; L. edodes presented anti-biofilm activity on EfNJ3 and EfNJ1 even by low extract concentrations, which weren't presented antimicrobial activity. It is evident that this extract has antimicrobial and antibiofilm activity, as well as anti-adhesive activity. The results obtained from this study are similar to the findings obtained from the studies about L. edodes in the literature. According to some previous studies the natural active ingredients of this macrofungus exhibit high anti-adhesive properties to prevent the attachment of many pathogens, especially oral pathogens, to various biotic and abiotic surfaces (Signoretto et al. 2014) . Figure 5 presents the total anti-biofilm activities of macrofungi extracts on Enterococcus strains. When the total effects of all macrofungi extracts on the biofilm production of Enterococcus strains were evaluated; the highest level of anti-biofilm activity was found to be for M. angusticeps and T. versicolor extracts, which is similar to antimicrobial activity results. 
Determination of Biofilm Eradication Concentrations (MBEC) of Macrofungi Extracts
In this study, the MBEC values were determined by taking MBC (minimum bactericidal concentration) and above values into account. The results are given in Table 7 . Considering the results obtained from the study; except for a few cases, it was observed that MBEC values are higher the MBC values.
Evaluation of Antimicrobial Activities of Macrofungus Extract / Antibiotic Combinations
EfNJ3 reference strain were used in the evaluation of antimicrobial activities of macrofungus extract/antibiotic combinations. Double-agent combinations were applied in antimicrobial susceptibility tests, where both strains were subjected to the macrofungus extract, which presented the highest sensitivity and the antibiotic, which is important in antibiotic resistance for Enterococci. A series of concentrations was prepared for the selected antibiotics and macrofungi extracts (Table 7) and EC50 concentrations were determined by counting colonies after incubation of cultures under the influence of these concentrations.
The EC50 values for both reference strains were determined by antimicrobial activity tests with antibiotic/macrofungus extract concentrations, which are given in Table 8 . The colony count results obtained from the test groups (bacterial samples treated with different antibiotics and macrofungus extract) and the colony count results obtained from the positive control groups (untreated with any active substance) were compared and the logarithmic percentage (%) reductions were calculated. Concentrations causing a 50% reduction in the bacterial population were considered as the EC50 values, which were given in Table 9 . The EC50 dose-response values are the half maximal effective concentration values and are the turning point in the doseresponse curves. The EC50 values in the dose-response curves obtained in the study were determined by the "probit regression model" (XLSTAT, Addinsoft, 2017) ( Figure 6 and Figure 7) . The decrease (%) in microbial growth in different active substance concentrations was modelled by describing polynomial regression curves. Based on the slope equations, EC50 (50% reduction in microbial growth) values were calculated by solving second degree equations (Tutorvista, calculator).
Based on the EC50 value determined, new stocks for antibiotic and macrofungus extracts were prepared those were above and below the EC50 value [(Ampicillin: 25, 21.2, 20 µg/mL), (T. versicolor: 10, 7.45, 5 mg/mL)]. The combinations used in the experimental design are given in Table 10 . Antimicrobial tests were re-performed with the combination of antibiotic/macrofungus extract concentration combinations indicated in Table 9 and individual values of each agent. The wells of microtiter plates were prepared according to concentration ratios, and after 24 hours of incubation at 35°C, bacterial suspension samples were collected from the wells and counted. The reduction in the microbial population was calculated at the logarithmic level by comparing the count results obtained from the wells without any agent (antibiotics and/or macrofungus extract). The "dose-effects" and "dose-effect curves" were obtained according to the results for all combinations and the decreases in the population were determined by means of Compusyn software (Figure 8) .
On the other hand, Figure 9 presents results for EfNJ3 strain, where "a" shows the dose-response index. The values above the reference line indicate a synergetic interaction between ampicillin and T. versicolor. Ampicillin-T. versicolor isobologram is given in "b"; the distribution on the reference line again points to synergetic interaction.
As a result of this study, it was observed that the selected antibiotic-macrofungus extract interactions were synergetic in the modelling of active compound combinations. It is clear that there is high possibility to lower the doses of antibiotics to be used, with an increase in macrofungus concentrations. This modelling approach allows for the development of effective antimicrobial strategies by allowing antibiotic doses to be reduced as well as being able to be used the medicinal macrofungi species as an alternative antimicrobial for antibiotic resistance frequently found in Enterococcus strains.
Widespread and particularly misuse of antibiotics, which is one of the main reasons of the high selective pressure on nosocomial pathogens, is a factor that accelerates the spread of multiple drug resistance including Enterococcus strains (Li and Webster, 2018) . The selective pressure induced by the uncontrolled antibiotics for the treatment of infections in developing countries accelerates the selection of clonal variants with multiple drug resistance (Bhattacharjee, 2016) . This rapid development in antibiotic resistance leads to the ineffectiveness of many antibiotics, which are widely used, in chemotherapy (Prestinaci, 2015) . The antibiotics selected in this study for evaluation of the antimicrobial tests on Enterococcus strains, such as vancomycin, are the antibiotics, which are currently in use in the treatment of infections caused by Enterococci. The resistance phenotypes that develop due to the uncontrolled use of these antibiotics lead researchers to the discovery of new natural antimicrobial compounds. The macrofungi samples, which were selected, have a high potential for such discoveries. The most important of this study is not only the evaluation of the antimicrobial and anti-biofilm activities of these macrofungi, but also the possible synergetic interactions in the case of combination use of macrofungi extracts with the antibiotics. As a result synergism was detected between the macrofungi extracts and the antibiotics, which revealed the potential for the use of antibiotics in lower concentrations. Since the macrofungi samples, which were evaluated are both edible and medically important species, the risks that may occur due to their consumption are minimal.
Today, infectious diseases are treated primarily by approaches involving antibiotic therapies together with effective antimicrobial agents; however these approaches often do not provide an effective solution in the case of biofilms of microorganisms. Considering the increased antimicrobial resistance, it is necessary to develop alternative strategies in combating infectious diseases and biofilms associated with them. Based on this need, many synthetic, semi-synthetic or natural antimicrobial agents are currently being discovered and their clinical potential is under investigation. Especially, some types of mushrooms, which have been used in traditional medicine for centuries, have important potentials for research in this direction. In the literature, many studies have been conducted to investigate the antimicrobial effects of fungal species of medical importance, on the other hand, few studies have been conducted to investigate their antibiofilm activities. Another important output of this study is proving that medical macrofungi with antimicrobial activity can also be evaluated in anti-biofilm research.
But further research should be conducted about the antimicrobial and anti-biofilm activities especially with purified and specified active compounds of such medicinal and edible macrofungi.
